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BUZZ CHARACTERISTICS OF A J34 - SPIKE-INLET COMBINATION

By if.CsrY Nettles and Robert C. Campbell

SUMMARY

The investigation of the interactions that occur when a supersonic
diffuser is operated with a turbojet engine was extended by installing
a vsriable-area exhaust nozzle on a J34 engine to permit the attainment
of limiting engine temperature or compressor pressure ratio at all engine
speeds. For a Mach nuniberrange from 1.6 to 2.0 and angles of attack
from 0° to 9° the results indicated that the occurrence of engine stall
was determined by inlet operating conditions because of the flow profile
presented to the compressor. !lheoccurrence of stall was related to a
pressure deficiency at the hub of the compressor and was not predicted
by the distortion parameter. The referred engine atiflow tended to in-
&ease as the radi~l

Approaching the
stall did not affect
versely the presence
limit.

distortion level increased.

inlet buzz limit with an engine operating in or near
the minimum stable airflow of the diffuser, and con-
of mild buzz did not affect the compressor stall

Tne stability limits of a double-cone inlet having 15° plus 100 half-
angles were essentially the same with the engine as with a choked plug.

INTRODUCTION

In order to realize the full performance potential of a couibination
of supersonic diffus= and turbojet enginef it is necessary that the
characteristics of the two be compatible. Even when the stall and buzz
margin of each component appears satisfactoryby itself, other operating
limits uy exist for the combination because of interaction of one unit
upon the other. For instance, compressor stall and inlet buzz are simi-

.
lar phenomena, and therefore, when they are coupled together) the dy~ic
system res~nse might range from mutual excitation to mutual damping. In

u addition, the stall limits of the engine can be influenced by the flow
profile that the inlet presents to the compressor face.
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Investigations of the operating characteristicsof an adjustable
supersonic inlet and a J34 engine axe reported in references 1 and 2.
These investigationswere made with an engine having a fixed-area nozzle
and operating conditions well removed f%om compressor stall. The scope
of the previous work was extended for the present investigationby utiliz-
ing a ,different?mxielof the J34 and a variable-area nozzle so that the
engine could be made to stall. The buzz and stall limits of the inlet-
engine combination were determined for various operating conditions. In
certain cases points were obtained during which buzz and stall were occur- g
ring simultaneously. m

The results reported herein were obtained in the lewis 8- by 6-foot ●

supersonic wind tunnel during February, 1956. The investigationswere
conducted for a Mach
from @ to 9°.

The nacelle =a

ntier range from 1.6 to 2.0 and angles of attack .

APP~S MU) llW3Tl?UMENlMTION

inlet used for this investigation sxe essentially
the same as those reported in reference 1. tie general layout is shown
in figure l(a). A variable bypass and a translating spike allowed a
wide flexibility for matching inlet characteristicsto the engine require-
ments. A variable-area =haust nozzle was installed on the engine to
allow additional control of turbine-inlet temperature. For nnst of the
test a turbine-flow-area restrictor was installed ahead of the ftist tur-
bine stator to provide higher compressor back pressure without exceeding
turbine temperature limits. The restrictor was a simple flat ring welded
around the inner radius of the stator and blocking an estimated 30 per-
cent of the geometric area. The nacelle mounting strut allowed the entire
unit to be rotated to a 9° angle of attack. Figure l(b) is a photograph
of the ?mdel installed in the tunnel.

The diffuser design allowed t~e 25° half-angle spike to be trans-
lated so that the conical shock could intersect the cowl lip for Mach
numbers from 2.4 to 1.58 without encountering internal contraction. The
flow-area variation of the subsonic diffuser is shown in figure 2 for
the limits of spike travel.

The 15° half-angle cone extension of reference 3 was installedW- ‘--
ing part of the test program to determine the stability limits of the
two-oblique-shock diffuser with an engine.

Inlet flow conditions were surveyed at two stations in the Inlet.
At a plane 28 inches aft of the cowl lip, ahead of the bypass slots, the
instrumentation consisted of four rakes of five total-pressure tubes
each, mounted between the four st~ts suPFQrtiW the c~t~b”wo ‘e
tubes were spaced radially to provide an area-weighted average. Static
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pressures were measured near the base and tip of each rake. !l%econdi-
tions associated with the diffuser discharge were evaluated at a plane
58 inches aft of the cowl lip, about 10 inches upstream of the engine
guide vanes. The diffuser-discharge instrumentation consisted of eight
rakes of eight tubes each. The rakes were located at 45° intervals start-
ing from the top, and the tubes were spaced radially according to equal
areas. Static pressures were measured on the outer wall near each rake.

Compressor-dischargepressure was measured by four rakes of four
tubes each, which were mounted through existing access holes in the com-
pressor case. The ends of the compressor-dischargemeasuring tubes were
unavoidably close to a row of mixing blades that are a part of the com-
pressor assenbl.y. It was felt that in spite of this a representative
average discharge pressure was obtained.

Referred airflow was computed from average total and static pressure
and an assigned flow area. The diffuser-discharge instrumentationwas
used in all cases to determine the engine referred airflow. Fbr cases
where the bypass was open, the diffuser capture airflow was computd from
the instrumentation at the 28-inch position. !Ihismethod of determining
the referred airflow suffers in t=ms of absolute accuracy because of the
difficulty of defining the true flow area. Relative values of referred
airflow are generally consistent and reliable.

Static-pressure transducers were installed at various stations along
the diffuser and engine in order to get a time history of pressure dis-
turbances throughout the system. The transducer stations were located:
1/2 inch inside the cowl lip, about midway between the cowl lip and the
compressor face, at the diffuser-discharge station, at the third-stage
rotor, at the fifth-stage rotor, at the compressor dischsrge, and in the
cylindrical section of the tailpipe. A simultaneous record of the pres-
sure fluctuations throughout the system ws obtained by recording the out-
puts of the transducers on a multichannel optical oscillograph having gal-
vanometers with a 100 CPS cutoff frequency.

RESULTS AND DISCUSSION

Engine Stall Limits

A calibration of the engine compressor was made at a tunnel Mch
ntier of 1.7 and with a spike position Md of 1.6. (Syibols are de-
fined in the appendix.) The inlet was known from previous work to be
free of buzz for the conditions selected. me data for this compressor

u calibration are presented in figure 3. Two points tsken at a Mach nunher
of 0.55 are included to increase the range of the data. The wiable-
area nozzle used to vary back pressure on the engine did not permit an*
accurate determination of the flow area. As a result, the nominal nozzle
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areas on figure 3 and following figures have no significance other than
—

to indicate order of magnitude and that the nozzle position was constant. “
For all engine speed ratios up to the maximum mechanical speed of the
engine, it was possible, by closing the exhaust nozzle, to obtain the
maximum allowable turbine-inlet temperature without encountering engine
stall. (The connotation of the words engine stall is taken in this re-
port to be any disturbance to the flow believed to originate within the
engine.) Ibr any given engine speed ratio the compressor pressure ratio
increases and the referred airflow decreases as the nozzle area is re-
duced. G

~

The compressor calibration was repeated with a spike position M&
—

of 1.8. me results are presented in figure 4. With this spfie position

v

it was found that engine stall was encountered for engine speed ratios
less than 0.8 and compressor pressure ratios well below the maximum val- --

ues indicated on figure 3. A check of the engine stall limit was deter-
mined with an inlet spike position of 2.4, and it was found that essen-
tially the same stall limit existed for this spike position as for
~ = 1.8. The data in figure 4 indicate that the stall limit developed
in such a way that reducing the referred engine speed with the nozzle
area that gives rated turbine-inlet temperature would drive the compres-
sor into stall.

Oscillograph traces of the engine stall pressure disturbance are
shown in figure 5. Figure 5(a), which is a trace taken for point A of
figure 4, is of particular interest because for this condition the stall
disturbance was appsrent from visual observation as an intermittent $_unp-
hg of the inlet terminal shock between what appeared to be two stable
positions. An inspection of the oscillogra~h traces indicates that a
jurqpin cowl Iip pressure corresponds to the buildup of a high-frequency
disturbance of the compressor third-stage static pressure. ~iS high
frequency corresponds to one-half engine speed and could originate from
rotating stall. During the high-tiequency disturbance the cowl-lip static
pressure oscillates with a low-frequency underdamped response. Finally
the high frequency dies down and the cowl-lip pressure jumps back to its
initial value.

—

This same sequence of events can be envisioned for the traces shown
in figures 5(b) and (c) (points B and C of fig. 4); however, for these
cases the phenomena is recurring at a regular rate. The indicated low
frequency of these traces is in fact of the same order as the inlet buzz

—

frequency. This raises the immediate question of how stall or buzz can
be identified from the oscillograph trace. ..Duringthis investigation
identification of the disturbance taking place had to be based on the
corrective action required to eliminate the disturbance.

—
In the cases

called engine stall, changing the inlet con@itiogs.bymeans of the bypass
●

or spike position had no effect on the disturbance, except for a radial
profile effect discussed later, whereas increasing the exhaust-nozzle
size even a small amount eliminatedthe disturbance.

“
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Radial profiles of total-pressure recovery representative of the flow
approaching the entire engine face ere shown in figure 6 for conditions
where stall was encount=ed and for a typical case from the data of figure
3 where maxinum turbine temperature was obtained without stall. These pro-
files indicate that stall was encountered when there was a radial distor-
tion of the flow. In particular, the stall appears to have been related
to the presence of a pressure deficiency in the flow near the hub.

An attempt to conibinethe data of figures 3 and 4 into a single com-
pressor performance map was not successful because the radial flow dis-
tortion caused a shift of compressor flow at any given referred speed and
pressure ratio. me indicated shtit in compressor flow is shown in fig-
ure 7, where referred flow is used as the common abscissa for the two sets
of data. Parts of figure 7 were constructed from data and extrapolations
which ere not shown in figures 3 and 4. These sre indicatedby the broken
lines in the figure. F& referred speeds below 0.90 the compressor flow
is great= with distorted flow than without. I& speeds above 0.90 the
flow appears to be reduced, but this fact is not well established by the
data.

In figure 8 data are presented for selected conditions of constant
compressor pressure ratio and referred engine speed ratio. These data
indicate that in general the compressor airflow increases with distortion
level. It should be noted, howeva, that the variable distortion level
was achieved by varying the inlet spike position, and, therefore, all the
profiles are similar, that is, have a pressure deficiency at the hub. me
trend observed in the data is not illogical, because for a given average
condition, such as constant pressure ratio and referred speed ratio} a
pressure decrement in the flow tends to increase the blade-life coeffi-
cient mxre than the same anmunt of pressure increment would decrease the
lift coefficient; themefore, the total work input of the stage can in-
crease with distortion level. This is, of course, the same mechanism that
causes the engine to stall.

fidependent checks made from fuel flow and from turbine pressure ratio
indicated that the changes in airflow were real and were not just a result
of the method used to compute airflow.

Figure 9 presents the engine stall limits that were determined at a
tunnel Mach number of 1.8 with a spike setting Md of 2.3. me stall

limit near a speed ratio of 0.8 is essentially the same as determined at
an Mo of 1.7. However, the stall limit at a speed ratio of 0.745 is
lower than for the previous data. The radial profiles for these stall
points ere presented in figure 10. Comparison of the profiles of figure
10 with the profiles of figure 6 indicates that the distortion levels are
slightly higher; but the form of the distortion for the speed condition
nesr 0.75 is considerably different. The 1.8 data point has mme low-
pressure area in the vicinity of the hub, and this could account for the
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lower stall pressure ratio. A typical oscillogram of an engine stall
disturbance at an ~ of 1.8 is shown in figure 11.

u
me indicated se-

quence of events is the same as described for figure 5(a).

A series of runs was mde at maximum compressor pressure ratiosj a

kch nuniberof 2.0, and a nominal referred speed of 0.80 for a range of
spike positions. The results are presented in figures 12 and 13. The
stall limit appears to be independent of spike position above a spike
setting of 1.9. At a spike setting of 1.Q, however, the sta~ l~t ws

not reached at the limiting tmbine-inlet temperature. An inspection of i
the profiles presented in figure 13 indicates that, even though the dis- :
tortion paramet~ was about the same,

*.
a marked change in the flow occur-

red between spike settings of 1.9 and 1.8; in fact, the form of the dis-
tortion had reversed at 1.8 so that the high presme appeared at the

—

hub. Throughout these data there is no apparent correlation between the
.

distortion parameter &/P3 and the occurrence of stall.

The effect of angle of attack on the stall pressure ratio is pre-
—

sented in figure 14 for a spike position of 2.4. The resulting radial
profiles indicated by rakes in an upper and low= quadrant are shown in
figure 15. 5e angle-of-attack data indicate that superimposing a cir-
cumferential distortion on the radial distortion did not alter the stall
pressure ratio. A similar test could not be run with a distortion pro-
file that did not stall at zero angle of attack because it was not pos-
sible to avoid the inlet buzz limit at angle of attack.

Inlet Stability Limits

The stability limits of the diffuser were checked for the most part
with the umnodifi~ engine. These data sre presented in figure 16. At
each particular spike position the stability limlt was determined with

—

the engine operating with the minimum compressor pressure ratio (nozzle
open) and with the maxhum pressure ratio (nozzle closed). Within the
limits of the data, there was no indicated effect of engine operating
condition on the stability limits. With the modified engine it was pos-
sible to run a few points for which the stability limit and the stall
limit were coincident. These data are also presented in figure 16 and
indicate that the presence of a stall disturbance which in itself was
causing transient shock movements did not affect the stability limit of
the diffuser. An oscillogram of the simultaneous stall and buzz disturb-
ance occurring at the point designated A in figure 16 is presented in
figure 17. A check of the engine stall pressure ratios at the minimum
stable points indicated that they were consistent with the previous data. #

The stability limits of the two-oblique-shock inlet of reference 3
as determined with the engine are presented in figure 18. Comparison of ●
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the present data.
for the apparent

with the previous cold-pipe data with allowance made
difference in critical referred airflow indicates that

7

the presence of the engine had no significant effect on the stability
limits. me data at the 9° angle of attack are beyond the range of the
data of reference 3 but are included to show the stability character-
istics of this inlet at the higher angle.

CONCLUSIONS
J
;* The test results of an inlet-engine combination consisting of a

translating-spike inlet with a bypass diffuser, a J34 e~ine, and a
variable-area nozzle operated at h&h nwibers from 1.6 to 2.0 indicate

. the following:

1. Because the radial profile of total pressure delivered to the
compressor face varied with spike position, operating conditions for the
inlet-engine cotiination ranged from complete freedom from engine stall
to stall within the normal operating range with fixed.nozzle area.

2. No correlation between the distortion psrameter and the occur-
rence of stall was found. The occurrence of stall was related to the
presence of a pressure deficiency at the hub of the compressor.

3. The referred engine airflow tended to increase at a given ref~-
red engine speed as the radial distortion level increased.

4. Superimposing a circumferential distortion on a radial distortion
by changing the inlet angle of attack did not affect the stall-limited
compressor pressure ratio.

5. Approaching the buzz limit of the inlet with an engine in or near
stall dld not affect the minimm stable airflow of the diffuser.

6. The stability limits of a 15° plus 100 double-cone inlet were
essentially the same with the engine as with a choked plug.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics

Cleveland, Chio, Noveniber20, 1957
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area, normal to flow
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inletcapturearea

hydraulic diameter,

Bbch numiber

4A
wetted perimeter

G
al
m

Mach number at which conical shock intersects cowl lip v

engine rotational speed, percent of rated .

total pressure

P ‘reinflow-distortion parameter, ‘x -
Pa~

airflow

ratio of total pressure to NACA standard sea-level pressure of
2116 lb/sq ft

ratio of total temperature to NACA standard sea-level temperature
of 518.70 R -

Subscripts:

x axial station

o &ee stream

1 cowl lip

2 diffuser discharge

3 compressor discharge
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Figure 3. - Compressor performance with subcritical buzz-free inlet con-
dition. Mach number at which conical shock intersects cowl lip, 1.6;
free-stream Mach number, 1.7.

—



$uq~ ‘* a.

NACA RM E57K19%.-

‘1AL&

34

30

26

22

I I I I I I I I I 1

3

1 I I I I 1 I I I
.72 .76 “.80 .84 .88 - .92

Referred engine speed ?ktio, Ii)&

.
..

.

Figure 4. - Compressor performance with radial distortion at
compressor face. Free-stream Mach nmnber,”-1.7.

yi~~



. , * 4366 ‘ a’

Compressor third-dtege static Pressurem

~ II

CoW1-lip static pressure

w
m-

1

.,Static pressure at diffuser 6’ca’cion36

‘2
, DiffUBer-diBc&ge static pressure

Compressor fifth-stage static pressure

Compresfior-exl.tstatic pressure

Time +
O.ol”sec

(a) Mach number at which conicel shock Intersects cowl lip, 2.4j referred engine speed ratio, 0.S06; caapre6sor
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Figure 5. - Oscil.losram of inlet-engine w=iables during compreeaor stsdl. Free-Btream Mach number, 1.7.
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engine speed rat~o, 0.806j compressor;pressureratio>2.68jcom??ressor-
facetold-pressuredistortion,0.07jstall.
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.8 /.

(b) Mach number at which conical shock intersects cowl lip, 1.8; referred
engine speed ratio, 0.792J compressor.pressure rat~o~ 2.45j cOmpressor-
face total-pressure distortion, 0.09j”stsJ-l.

(c) Mach nwnber at which conical shock intersects cowl lip, l.Sjreferred
engine speed ratio, 0.7483 compressor.pressureratio> 2.fij comPressor-
face total-press~e distortion, 0.06; stell.

1.0 /
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)
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.2 .4 .6 .8 ‘“ 1.0 4-

Duct radius, percent tipradi~ .-

(d) Mach number at which conical shock intersects cowl l-ip, 1.6; refe~ed

engtne speed ratio, 0.794j compressor:Pressureratio> 2.61; comPres~r-
face total-pressure distortion, 0.04; no stall.

*
—

Figure 6. - Ty-picel compressor-face totgl-pressure profiles. Free-stream

Mach nuder, 1.7. .
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Figure 7. - Combined compressor performance. Free-stresza Mach
number, 1.7.
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Figure 9. - Compressor performance with radial distortion at compressor
face. Mach number at which conicsl shock intersects cowl lip,2.3j free-

stresm Mach number, 1.8.
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(b) Referred engine speed ratio, 0.786; compressor
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pressure distortion, 0.08j stall.
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(c) Referred engine speed ratio, 0.745; compressor
pressure ratio, 2.09; compressor-face total-
pressure distortion, 0.08j stall.

Figure 10. - Typical compressor-face total-pressure
profiles. Mach number at which conical shock
intersects cowl lip, 2.3; free-stream Mach number,
1.8.
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